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ABSTRACT
Power Sys tem App licati on s Eng in ee ri ng 
Intern Ex pe rie nce At
TRW Controls (May 1984)
An o vervi ew  of the a u t h o r’s internship e xperien ce  with 
TRW Co nt ro ls during the period July 1983 through March 1984 
is presented. The content of the report tends to weigh 
towards a more technical rather than a man ag erial experience. 
The nature of the projects render it being so.
The imp or tance of Power Systems Control being im plemented 
in an effic ie nt manner ne ce ssitat es  the evo lu ti on  of more 
im proved Di sp a tc h er  Tra ining Sim ula to rs  in the Power
9
industry^ to train dispatch engineers to c on f id en tly control 
and handle any type of emergency encou ntered in Systems 
ope rations. The author was assigned to two en gi n e er i ng  
pro jects during the defined period. The most si g nifica nt  
project involved generator dynamics mode ll in g for Hydro 
and BWR Nuc lear g ener at or s in a Dis pa tcher Tr ai ning 
S im ul ator and the other was the ge neratio n of software 
mo dules to validate data cards for a Hydro Electric 
project in Chile.
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I N T R O D U C T I O N
The D o ct o r of E n g i n e e r i n g  p r o g r a m  was i n i t i a t e d  
for the p u r p os e  of p r o v i d i n g  an a ve n u e  of g r a d u a t e  study 
for the e n g i n e e r i n g  g r a d u a t e  with  a st ro n g bias towa rd 
the p r a c t i c e  of e n g i n e e r i n g  and its m a n a g e r i a l  i m p l i c a t i o n s .
The t r a d i t i o n a l  c u r r i c u l u m  for a d o c t o r a l  p r o g r a m  
of study ,in e n g i n e e r i n g ,  i n v a r i a b l y  had a d e f i n i t e  
p r e d o m i n a n c e  of the usual e n g i n e e r i n g  c o u r s e s  and the 
i n e v i t a b l e  long peri od  of r e s e a r c h  in a n a r r o w  field of 
on e's e n g i n e e r i n g  d i s c i p li ne .
The D o ct o r  of E n g i n e e r i n g  p r o g r a m  not only has 
a str on g content, of e n g i n e e r i n g  c o u r s e s  but in a d d i t i o n  
p r o v i d e s  the p a r t i c i p a n t  the o p p o r t u n i t y  of a c q u i r i n g  
a s i g n i f i c a n t  am o u n t  of e x p e r t i s e  in the area of A c c o u n t ­
ancy, F i n a n c e  and I n d u s t r i a l  M a n a g e m e n t .  The tr ul y u n i q u e  
fe at u re  of the p r o g r a m  is the i n t e r n s h i p  pe ri od spent in 
i n d u s t r y  o b s e r v i n g  and p a r t i c i p a t i n g  in the e n g i n e e r i n g  
and m a n a g e r i a l  a s p e c t s  of the p r o f es si o n.
The goal of the i n t e r n s h i p  program, in a n u t sh el l , 
is to ex po s e the D o c t o r a l  in te r n to the " O p e r a t i n g  M e c h ­
a n i s m” of the e n g i n e e r i n g  p ro fe s s i o n ;  the i n t e rn  a c t i v e l y  
p a r t i c i p a t e s  and c o n t r i b u t e s  of h i s / h e r  k n o w l e d g e  to the 
s o l u t i o n  of e n g i n e e r i n g  proble ms ; in the p r o c e s s  the 
i nt er n puts into pr a ct i c e  not only his t e c h n i c a l  a b i l i t y  
but also m a n a g e m e n t  t e c h n i q u e s  l ea rn t at g r a d u a t e  school.
IN T ER N  P O S I T I O N  W I T H  THE O R G A N I Z A T I O N
The au t ho r  was a s s i g n e d  the p o s i t i o n  of ’Senior 
S o f t w a r e  E n g i n e e r’ and r e p o r t e d  d i r e c t l y  to the S o f t w a r e  
D e v e l o p m e n t  Le a de r  (SDL), who in turn was d i r e c t l y  un der 
the s u p e r v i s i o n  of the Power S y s t e m s  A p p l i c a t i o n s  M a n a g e r .
The t e c h n i c a l  na t ur e  of the job r e q u i r e d  the a u t h o r  
to m o d i fy  a n d / o r  de si g n  s o ft w a r e  m o d u l e s  for the Po w er  
S ys te ms A p p l i c a t i o n s  d e p a r t m e n t  de a l i n g  w it h Load Flow, 
A u t o m a t i c  G e n e r a t i o n  Con trol, C i r c u i t  B r e a k e r  V a l i d a t i o n ,  
State E s t i m a t i o n  and Po wer S y s t e m  E c o n o m i c  D i s p a t c h  and 
C o n t i n g e n c y  A na l ys is .
The Inter n s u p e r v i s o r  was the Power S y s t e m s  A p p l i c a t i o n  
M an ag e r,  D r . N e e l a  Mayur. The two s u p e r v i s o r s  for the p r o ­
jects I was i nv o l v e d  in were D r . R o b e r t  K i l m e r  and D r . W i l l  
Briggs. All three i n d i v i d u a l s  have e x t e n s i v e  e x p e r i e n c e  
in Power S y s te m s A p p l i c a t i o n s  e n g i n e e r i n g .
D ispatc he r Training Simulator
The objec ti ve  of the as signmen t was to validate 
the existing EPRI software modules which deal with m o d e l ­
ling of different types of generator prime movers; in the 
a u t h o r’s case the two types he dealt in detail were the 
hydro and nuclear .Boiling W a t er  Reactor (BWR) model; 
m o d i f i c at i on s  were effected in the EPRI programs to make 
them c ompat ib le  with the Dispa tc he r Tr aining Sim ul at or 
being designed at T R W C .
Most of the 24 modules were common to all five(5) 
types of generator prime movers and the Fossil Fuelled 
software testing was done by Mr. Carlos S a n t e st eb a n under 
the supervi si on  of Dr. Robert Kilmer. The pr ogram Design 
Docum ent expli ci t ly  outlines the method adap ted to 
simul ate the dy nam ics of the Hydro and BWR Nuclear 
modules. Various c o mb i na t io ns  of p a ra me ters were inserted 
and the resulting graphics were plotted to observe the 
dyna mics of the modules under consi de ration.
The ob je ctives of the assig n m en t in the M arub en i H y d r o ­
project were to design 26 software modules capabl e of 
va li da ting the fields of the custo m e r' s data c a r d s , (26) 
pertaining to the Hyd raulic Works Control section of a 
H y d r oe l ec tr i c project scheme in Chile.
A similar a pproach  exists in the A p p l i c a ti on s  Basel in e
system and the author mo dified the master driver (ADBGEN) 
Ap pl ic a ti o ns  Data Base Gener at i on  to suit the project 
unique co nst r ai n ts  of this par ticular  project # He also 
de signed and coded the 26 software module s co r r e s p o n d i n g  
to the 26 types of card images.
TRW CONTROLS
TRW C o n t r o l s’ leadership posi tion in the i n t e r n at i on a l 
ma rk e tp la c e has evolved from the c o m p a n y’s pion eering 
efforts in building succe ssful control systems. In 1959, 
the company (then known as In te rn a ti on a l Co nt r o ls  C o r p ­
oration) de veloped the first so li d - st a te  su pe r vi s or y  
control system for a major pipeline. This led to other 
control system a p pl ic a ti o ns  for the pe t roleu m pr od uc ti o n 
and pipeline industries.
In 1968 I n te rnat io na l Contr ols C o r p or a ti on  joined TRW, 
a diversified, hi gh - te c h n o l o g y  c or po r at i on  serv ing w o r l d ­
wide markets. With its new name, and augm en te d by the 
tec hno lo gy  talents of TRW Inc., TRW C o n tr ol s  exp an de d 
its markets to include innovativ e control systems for the 
utility and t r an s po r t a t i o n  industries.
Today, TRW C o nt ro ls is a major, o pe r at in g unit of the 
TRW o r ga n iz a ti on  dedicated  to serving the energy 
industries. Its i nt er nationa l cus to me rs for systems and 
ser vices include the utility, pipeline, petroleum, and 
t r a ns po r ta t io n  industries. TRW built the first all-so li d- 
state, c om p ut er - b a s e d  s up erviso ry  control and data 
aq ui s it i on  system, co mp ute r iz ed  p e tr ol eum produc t i on  
control system for of fshore op era ti o ns  and the
m i c r o p r o c e s s o r - b a s e d  product line designed to meet dem an d in g  
en vi r on m en ta l  extremes.
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Project teams at TRW Controls, are formed to iden tify 
customer needs and develop op ti mum so lut ions for specific 
control requirements. All elements i nf l ue nc in g a de qu ate 
system pe r formanc e are analyzed, inclu ding c o n f i g u r a t i o n  
tradeoffs, security, sizing and timing. The systems 
en gineers provide expert design and in te gration  of 
hardw are c on f ig u r a t i o n s  including master  con trol stations, 
remote opera tor consoles, pro gr am ma b le  and hard wi re d 
remote terminal units. Hardware design involves m a ximum 
use of existing, proven equipment, and software is tailored 
to cu stomer r e qu i re m en t s using standard modules as a 
foundation. All systems feature mo dular h ar dware and 
sof tware for m a i n t a i n a b i l i t y  and ex pa nd ability .
TRW Co nt ro ls has co mplete facilit ie s for product io n 
of units, assemb lies, and systems i n c or p or at i ng  inn ov a ti ve  
processes, fabrication, and packaging. Strict quality 
control assures the highest standards of integrit y and 
rel iability. Ca l ib ra t ed  test in st r u m e n t a t i o n  and 
a ut om at ed techn i qu e s are employed from as se mbly ch eckout 
to co mplete system evaluation. This method en ables TRW to 
comply with all design and p e rf ormance speci fi c at i on s . 
System op erat io n is always d em o ns t ra t ed  before delivery.
Cu st om er  personnel, including operators, di spatcher s,  
and technicians, are trained in all as pects of system 
design and operation. Tra in in g is aimed at op t im u m user 
u nd er s ta n di ng  for smooth tr an sition to the new system.
O rg an i za t io n  and Pro ject Ma na gement
One of the key me ch an isms through which m a n ag e me n t
strives to reach its goals is the o r g a n i z a ti o na l  struct ur e 
itself. The job of the manager is not that of the o r g a n ­
ization; it is the speci al iz ed work of de si gn ing the 
o r g a n i z a t i o n ,setting its goals, and m a i n ta i ni n g its o p e r a ­
tions. This is ac co mp l is h ed  by formula ti ng  and defining 
the purpose and goals, providing the system of c o m m u n i c ­
ations, and securing the c oo p er at iv e efforts of the r e q u i r ­
ed personnel. The formal o r g a ni z at i on al  st ru cture helps 
the manager to carry out these functions by:
1. Sp e ci al i zi n g executive  activity.
2. S im plif yi ng  the tasks of management.
3. Groupin g employees for the purpose of direct io n 
and c o n t r o l .
4. Prov id in g the formal ch ann els of c o m m u n i c a t i o n s  
and coordination.
5. En co u ra g in g  the interacti on  of employees.
Thus, the o r g an iz a ti o na l  structure is one of the
most im portant means by which manage m e nt  can bring its 
limited and pre cious resou rces to bear on a proble m (1).
The type of or g an iz a ti o na l  stru ct ur e prevalent at 
TRWC closely resembles , at times, the ’Functi o n al  
Or ganization' structure. This o rg a n i z a t i o n  is c h a r a c t e r ­
ized by major s ub d iv is io n by function, subject matter
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or principal activity. All similar activities are grouped 
together within and identified by some functional a c t ­
ivity title such as m a n u f a c t u r i n g ,m a r k e t i n g , finance, 
engineering, test, or quality control. Under this concept 
res ponsibi li ty  and control throughout the o rg an ization 
and at all locations are usually exe rcised by one executive 
for each function. The functional concept assumes that 
the common bond between the individuals and their s u p e r ­
visors (which comes about through their common oc cupati on a l 
background) will enhance the coop er at ion and e f f e ct i ve n es s  
of the individual and the group (2).
Another type of organiza ti on al stru cture inherent 
in the framework of TRWC is the project concept. TRWC 
handles many projects all over the world at one given 
time and thus has been using this concept s uccessf ul ly  
for the past two decades. It provides a unity of purpose 
and a basic simplicity that are hard to match in terms 
of effectiveness. The project o rg anizatio n brings together 
under one o rg an iz ationa l roof, all the administrativ e,  
technical and support personnel needed to bring a project 
from the early stages of development through to o p er at ional 
use (3, 4).
A project or g an iz at ion is formed to acc om p li sh  a 
specific objec tive that requires special m anag em en t a t t e n ­
tion,and emphasis for a specified period of time.
(i.e., the design and construction of a specific system). 
Projects of short duration (weeks or m o n t hs , fe w in number) 
are usually ac co mp lished  by a task team or special task 
force. The objective of- the or ga nization  is the co mp letion 
of a specified task within cost and performance goals and 
on schedule. It is not intended to be a se l f- p er pe t ua t in g  
organization; it maintains viability only as long as the 
project is not completed. Under each project orga ni z at io n  
all functional entities required for the devel op me nt and 
pr oduction of each particular project are duplicated.
Each project has a complete line organiz at io n that is 
directed by a project manager who has full authority over 
all people, facilities, and functions required to produce 
the specified project or s y s t e m (5).
Busin ess Areas
The primary business areas are identi fi ed  as:
- Electric Utility jSupervisory Contro 1 a^nd Data 
A cq u is it i on  (SCADA) Systems. C o mp ut er based re al -time 
systerns(H a r d w a r e ,S o f t w a r e ) utilised by Elec tr ic  Ut ility 
companies to monitor and rem otely control critical 
operation s of their power systems networks (Tra ns m is s io n  
l i n e s ,T r a n s f o r m e r s , S w i t c h e s ,Breakers)
- El ect ric Utility .Energy Manag e me n t Systems ( EM S1)
Includes SCADA and adds real time system wide control
of power g enera ti on  equipment for purp oses of o p t i m is in g  
system re gu lation and economics, in clu ding the effects 
of fuel costs, power tr an smi s si on  losses and buy/sell 
(energy) contr ac ts  with other Ele ct ri c Utility compa nies. 
The EMS also provides real-time and study programs 
which correct meter in g de ficiencies, an al ys e the o p e r ­
ational security of the power system, and predict c o n ­
tingent co nd i ti o ns  which could cause the power system 
to become o p e r a t i o na l ly  o verl oa de d or unreliable.
- P et ro leum SCADA Systems
Computer based real -t im e systems (H a r d w a r e ,So ft wa r e ) 
utilised by com pa ni es who produce and transport p e t ­
roleum products to monitor and remotely control o p e r ­
ations (pipelines, c o m p r e s s o r s ,w e 1 1 s ,v a l v e s ,re gu l at or s  )
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includ ing such operationa l a p p l i ca ti o ns  as pipeline 
leak dete ct ion and production (well head) o pe r at in g tests. 
The Secondary bus iness areas are identifie d as:
Ad d-on hard wa re  (to expand delivered  system ca p ab i li ty  
and/or capacity)
Add on software (to expand delivered system c a pa b il it y  
and/or capacity)
- H ardware  spares(to replace or add to cu st o me r' s  store 
of spare parts for TRW Cont ro ls  de livered  eq ui pment)
- Ma i nt e n a n c e  services (to provide TRW Con t ro ls  personnel 
to support on-site (resident) or on-call (as re quested) 
m ai n te na n ce  services on installed TRW Co nt r ol s  prov ided 
s y s t e m s )
- Re pl a c em e nt  Remote Te rmi nal Units (RTU's) (to provide 
TRW built add-on RTU's to custom er s with in sta lled 
systems (and RTU's) o riginal ly  del ivered by other 
suppliers)
- Training: hardware and software training for cu st o me r s 
to provide basic and adv anced c a p a b il i ti e s in the p r e­
ventive and remedial m a i nt e na n ce  of S C AD A/ EM S systems.
Pro ject R es p on s i b i l i t y  and M a n ag e me n t Ph il o so p hy  
Project Ma na ge rs act as co nt ra c to r s who award " S u b c o n t ­
racts" to fu nctional o r g an iz a ti o ns  making up the TRWC C o r ­
poration and perform all functions necessa ry  to fulfill all 
obligations. TRW Fu nctional O r g a n i z a t i o n  ac ce pts " S u b ­
con tr ac ts" (Technical Require ments, Budget, Sched ule)
D (— _l IT) U UJ
U1 Q
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SYSTEM DESIGN
• HARDWARE
• SOFTWARE
DETAIL DESIGN
• HARDWARE
• SOFTWARE
BUILD/BUY
• HARDWARE
• SOFTWARE 
INTEGRATE
• HARDWARE
• SOFTWARE
TEST
• HARDWARE
• SOFTWARE
DOCUMENT
• HARDWARE
• SOFTWARE
PACK, SHIP
• HARDWARE
• SOFTWARE
INSTALL, TEST
• HARDWARE
• SOFTWARE
TRAINING
• HARDWARE
• SOFTWARE
Figure 4 Matrix of Organiz at i on a l 
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Project Ma na ge r s utilize Software Project En gineers  
(SPE) and (Hardware) Project Eng in ee rs (PE) to define 
Te chnical R e qu i re me n ts  of work to be " Su b co nt r ac t ed "  
to F u nc ti onal O rg a n i z a t i o n s  , which review and agree upon the 
technical content of the work to be performed. The project 
manager (and SPE,PE) estab li sh  Project Level Budget and 
Sched ules for work to be "S ub co nt r ac t ed "  to Fu nct i on al  
O r ga n iz a ti o ns  based on related proposal costs and schedules. 
Functional O r ga n i z a t i o n s  review and agree upon Fi na nc ial 
(Man-hours, Other Direct costs) Budgets and Sch ed ul es 
(elapsed time) ne cessary  to satisfy the Te c hn ic al  content 
of the work to be done (6).
C h a r a c t e r i s t i c s  of TRWC Project O r g a n i z a t i o n  Conc e pt s  
Adv antage s
Project teams within Fun ct io nal O r g a n i z a t i o n s  
(S C A D A ,A p p l i ca t io n s Systerns,Energy Prod uc ts  Systems). 
S t a n d a r d i z a t i o n  of Product a p p l i c at i on  (use of 
SCADA and Appl i c at io n s Baseline).
Staff A d m i n i s t r a t i o n  is m a in ta i ne d  at the Fu nc t io n al  
O r g a n i z a t i o n a l  level.
D i s ad va n ta g es
- Co n fl ic t s between Project Ma na g em e nt  (minimize 
project cost and schedule) and Fu nc tional O r g a n i ­
zations (staff training and as si gn me n t di versity).
_ Short term staff as si gn m en ts  for certain functions 
(as compared to projected concepts) limiting
P r o je ct  o w n e r s h i p  " a d va n t a g e s .
DI SP A TC H ER  TR AI NING SI MULATOR
Power Systems Controls
Electric power systems are c on t in ua ll y becoming
larger, more in terconnected, and are being forced to
operate with lower capacity reserves in both gener a t io n
and transmi ssion. T r a ns mi s si o n voltage levels are
increasing so that each line can carry more and more real
power. An extra high voltage (EHV) trans mi s s io n  line may
carry up to 2500MWe. The individual ge ne rating units are
often capable of generati ng  1000-2000 MW of real power.
These trends, coupled with the fact that most large units
under c o n s t r uc t io n or recently built are located far
from the load centers, place a heavy r e sp o ns i b i l i t y  on
the di spa tch control oper ator who makes the de ci si ons
that control the oper ation of the overall power system.
The di spatch control o p e r a t o r’s decisi on s must be
co ns is tent with the purposes and o bject iv es  of an el ectric
power s y s te m, w hi c h de scr ibed briefly are:
1. To generate suffic ient power for present
and future consumption.
2. To transmit electric power to load ce nters
in a safe and efficient manner 
(transmitted at high voltage, thus, at 
relativel y low current, to m in i mi z e power 
loss ) .
3. To di st ribute electric power to specific
users (dis tributed at r elative ly  low 
voltage for safety and to fa ci litate the 
final ut ilization).
4. To provide a continuous and u n in t e r r r u p t e d
supply of electric power.
5. To provide high quality electric power (good
regulation, little harmonic content, with 
m i ni m um  spikes and transient content).
6. To cause mi nimum d is t ur ba n ce  to the
e n v i r o n m e n t .
7. To operate the system in the most ef f icient
manner possible c o ns is tent with se cur ity 
r e st ra ints .
The control dispatch opera tor must also work in 
harmony with a variety of au tomati c control eq u ip me nt 
in order to make decisio ns  such as whether or not the 
system is oper at in g in a normal state, wh ether the 
equip ment sched ul ed  for ma i nt en a nc e  can be serviced 
without having a detrime nt al  effect on system 
performance, and which ge ne ra ti on units should respond 
to unexpe ct ed large changes in system operation, such as 
unpla nned outages. The di sp at ch e r' s  most important 
r es p on si b i l i t i e s  are to know the state of the sys te m at 
all times and when and how to inter ve ne during e m er g e n c i e s  
in the largely auto ma ted system control procedures.
In many ways, the systems operator is similar \ o  
an aircraft .p i l o t . Under normal flying conditions, the 
plane can be flown by an autopilot system. A co mpu ter 
control system that can literally fly the airp l a ne  and 
allow the pilot to relax or co n centra te  on other things 
for a short time. Even when the pilot is act ua lly flying 
the plane, the computer provides valuable data co nc er n in g  
the conditi on  of the plane and the flight.
It is quite clear that what is needed is a training 
cap abilit y that not only models the t r a i n e e’s power system 
re alistically, but also interacts with the trainee, in 
exactly the same way as the ma n/ m ac h in e  inte rf ace in the 
actual control room. This is, in fact, the same concept 
implemente d in the training of aircraft pilots and 
nuclear power plant operators. With such a design, 
the trainee s are almost unaware that they are op e ra t in g  a 
simulator and not the real ai rc raft or the actual nuclear 
power plant ( 7 ) .
Area Con trol S i mu la ti on
Power system dynamics have been studied by many 
different models and for many di fferent purposes for more 
than 40 years. Models have been used to simu la te  d ynamics  
ranging from the extrem el y fast e l ec tr ical tr an si ents 
such as switching surges to quas i - st ea d y state studies 
such as hydro schedul in g and spinning reserve studies. 
Normally, the ext re me ly  fast transients are si mu lated and
st udied over a short real time peri od  (a few s e c o n d s  or 
less) w h e r e a s  very slow d y n a m i c s  are of c o n c e r n  over a 
much lo n g er  time frame (in order of minu t e s,  hours, days 
or even we eks). To p e r f o r m  a m e a n i n g f u l  s i m u l a t i o n  at 
r e a s o n a b l e  cost, e s p e c i a l l y  w he n many case s t u d i e s  or 
des ig n a l t e r n a t i v e s  are exami ne d,  the s i m u l a t i o n  mo del 
must be t ai l o r e d  for the s p ec i f i c  d y n a m ic  r e g i o n  of 
c o n c e r n .
The d y n a m i c s  of c o n c e r n  in area c o n t r o l  and a u t o m a t i c  
g e n e r a t i o n  c o n t ro l  are r e l a t i v e l y  slow p h e n o m e n a  w it h  
time c o n s t a n t s  n o r m a l l y  on the or de r of s e c o n d s  to 
m i n u t e s  and greater. How ev er , to s i m u l a t e  the d e s i r e d  
d y n a m i c s  with a r e a s o n a b l e  de g r ee  of a c c u r a c y  and to 
r e p r e s e n t  f r e q u e n c y  f l u c t a t i o n s  due to the r a n d o m  load, 
time c o n s t a n t s  as fast as a few s e c o nd s sh ou l d be 
a p p r o x i m a t e l y  r e p r e s e n t e d  wh e re  r e qu ired. H i gh  f r e q u e n c y  
s y n c h r o n i z i n g  swing s b et w ee n  power pl a n ts  are a s s u m e d  to 
be too fast and of no c o nc e r n  in a u t o m a t i c  g e n e r a t i o n  
cont rol. T he r e f o r e ,  an e ne rg y b a l a nc e  m e t h o d  is used to 
e l i m i n a t e  the power plant s wi ngs and, as a result, 
g e ne r at o rs ,  e x c i t a t i o n  s ys te ms and e x p l i c i t  n e t w o r k  m o d e l s  
are not r e p r e s e n t e d  in the s im u la t io n .
For the c o n t ro l  s i m u l at i on ,  the basic s y s t e m  
v a r i a b l e s  that must be r e p r e s e n t e d  in c l u d e  unit g e n e r a t i o n  
output, c o n t r ol  ar ea f requ en cy , c o nt r o l  area net 
tie flows, area co nt r o l  error (ACE), and other a u t o m a t i c
unit control signals. All models of power system 
com pon en ts are reduced to a level of s i m pl if i ca t io n  
consis te nt with acc ur at e r ep r es en t a t i o n  of these basic 
system variables. L i ke wi s e, t he  i nt er c on n e c t i o n  of the 
power plant models can be simplified to el i minat e the 
e le c t r o m e c h a n i c a l  in te rm a ch i ne  rotor o s c i l l a t a t i o n s  while 
still re taining  a valid r e p r e se n ta ti o n of the av er age 
frequ ency of the total power system. The e l im i n a t i o n  of 
these i n te rm a ch i ne  os c il l at a t i o n s  results in a un if orm 
model. All units swing together with identical frequency 
e xcursi on s as if they were all on one common 
t u rb i ne g e n e r a t o r  shaft (8).
Dig ital s i mu la tion consists of solving a sys tem of 
ord inary d i f fe r en t ia l  equations using a digital 
i nt e gr at io n algorithm. The equa ti on s de sc r ib i ng  the 
dynamic r e l a t i on sh i ps  of the system being s i mu la ted are 
broken down into fi rs t-order d if fe r en t ia l  eq uati on s 
similar to the proced ur e required for im p le m en t a t i o n  
on an analog  computer. However, instead of using analog 
i nt e gr at or s a digital procedure is used to in t eg r at e  
the e q ua ti on s and in this manner the c o m p u t a t i o n  of all 
the system vari ab le s is performed as the model res ponds 
to given system d i s t u rb a nc e s (such as load m ag n i t u d e  
fl uctuati on s)  and aut om at ic control commands. The results 
of a si mu la ti o n are usually examined by s t u d y i n g - plots
and/or tabular data of the va riables of concern. The Area 
Control Simu la to r will function in a manner similar to 
other st andard sim ul at ion programs like C o nt i n u o u s  Sys tem 
S imulat io n La nguage (CSSL) and C on ti n uo u s S ys te m M o de l in g  
Pr ogram (CSMP) except that the simul at or has been 
stre am li ned to include only the nec es sa ry functions, 
program storage, and data storage required for the power 
system models. A coarse i n te gr ation step size of one 
second is used for most of the simula to r although, a 
one-half second step size is used in the fossil fuel 
boilers, for num er ic al stabi lity purposes (9).
The basic compo n en t s that are modelled in the 
simulator are eight types of prime movers, a uniform 
frequency model, a load dispatch office, and a si m p li f ie d  
external dynamic model. The prime mover models include 
five types of fossil fuel boile rs ,a  hydro unit and a 
boiling water reactor.
The most imp or ta nt  variable of each prime mover 
model is the power plant megawatt output. The re fore, the 
power plant models do not require the level of detail 
necessary for power plant design or control studies. 
Accordingly, the prime mover models have been s i m p l if i ed  
to include only those plant dy namics that s i g n i f i c a n t l y  
affect the m e c h an i ca l power input to the turbines, and 
thus retain a reliable r e p r e s e n ta t io n of the p l a n t’s
AU
TO
MA
TIC
 
GE
NE
RA
TIO
N 
CO
NT
RO
L/S
IM
UL
AT
OR
 
IN
TE
RF
AC
ES
▼
"V"
r^i□coUUQC
onQ£
O
oc
>-
!/■>
o
z
<cCO
uo
z LU
o □=
I—
o zz oo<w>»—o
c zo»—u
z
Q£o.<✓> o.wo
♦  ▼  ▼
Fi
gu
re
 
6. 
AG
C/
Si
mu
la
to
r 
In
te
rf
ac
e
response to automati c g e ne ra tion control and r e g u la t io n  
s i g n a l s .
In this simulator, no attempt has been made to model 
special dis patch control al go ri th m s a lthough a basic 
control a lg o r i t h m  has been included. One of the main uses 
intended for this model is the study of var ious a ut o ma ti c 
gen eratio n control (AGC) schemes and each utility or 
control vendor has its own a pproac h to how this should 
be designed. It is expected that most users will deve lop 
a sub ro utine that si mul ates their own AGC a l g o r i t h m s  to 
replace the basic re pr e se n t a t i v e  a lg o r i t h m  that has been 
included. All the basic signals of frequency, unit 
generation, and net tie flow are av ai l ab le  as inputs and 
the ability to represent each unit or co m p os i te  unit by 
a sepa rate cost curve is provided. With a basic 
un de r st a nd in g  of both FORTRAN and the program str u ct u re  
of the simulator, the user will be able to integra te  
his own con trol scheme as part of the si mu la tor and 
per form a wide variety of studies as indicate d in the 
foll owing section (10).
Uses For The Area Control Simulator
It has been stated that the Area Con trol Si m u la to r  
is capable of st udying the pe rf o rm an c e of au toma ti c 
ge ne ra ti on control systems. In a dd ition it is also 
capable of ev a lu a ti n g the impact of prime mover dynamics,
gen era ti on mix, and load c h a r a ct er i st i cs  on the overall 
perf or ma nce of a power system's loa d- f re q ue n cy  control.
In general the si mulator can be used to study the effects 
of ge ne ration  plant designs and ge ne r at i on  control on a 
power s y s t e m’s energy balance per formance. Most power 
system dynamic tr an si en ts which would not require the 
r e p r es e nt a ti on  of the individua l trans mi s s io n  system 
ele ments fall in to this category and can be e va lu ated 
with the Area Control Simulator.
Automatic G e n e r at i on  Control Studies
The simulator can be used to accura te l y represen t most 
power systems that are not prima rily hydro-based. Various 
control center meth ods of economic di spatch and load- 
frequency control can be simulated and evaluated. The most 
valuable asset that this tool has is its r e pe at a bi l it y  
of case studies. For example, RMS values of the area control 
(ACE) and standard de vi at io ns of ACE will provide a q u a n ­
titative analysis of each controller. This simu la to r pr o ­
vides a valuable "off-line methcd of testing new au to ma tic 
generation control systems before their im p le m en t a t i o n  
on the real power system. Even hy dr o- b as e d syst ems could 
be examined by adding ad di tional hydro models that r e p ­
resent with more detail the variety of dyn am ics that exist 
in modern hydro units.
Economic Dis pa tch
A user of the simulator can program a specific economic 
dispatch a l go r it h m and enter it as part of the load dis patch 
office model. In economic di spa tch studies, system problems 
that can affect the long term automatic  load fo llowing 
cap ability such as telemetry failures and other data errors 
can also be studied and simulated. Loss of ge ner a ti n g unit 
and a smooth transitio n to a new economic op er at ing point 
are important co n si d e r a t i o n s  in ev aluating  au toma ti c d i s ­
patch and load following strategies. Usually a means of 
load p redict io n is required for auto matic lo a d - f o l l o w i n g  
and the perfo r m an ce  of such al gor i th m s can be ev al uated 
through simulation.
L oa d -F re q ue n cy  Control (L F C )
Various load - freque nc y reg ul ation a l g or i th m s for 
following the s h o rt - te r m f l uctua ti on s in the load trend 
can be int eg ra ted into the LFC model and their pe rf o rm an c e 
evaluated. Q u an t i t a t i v e  studies can be performed to d e t e r ­
mine the amo unts of power required for ef fe c ti v e re gul a ti on  
and to in v estiga te  various methods of d i s t r i b u t i n g  the 
regu lation function among the g enerat in g units. There are 
different r e q u i r em e nt s  for various load c o n d i ti o ns  such as 
morning pick-up and the peak of the day. Many param e te r s 
of the data a cq u i s i t i o n  system can have a s i g n i fi ca n t effect 
on the r egula ti on  pe r forman ce  ( 11 ) .
Power System Models
The various components of the power system are modelled to a 
level of detail which permits the significant dynamics of the power 
system to be accurately simulated within the limitations of 
available computation (CPU) time and data quality. As it applies 
to the DTS, the term "signi fi cant dyna mics" si gn ifies those 
transient electromechanical effects which are active for a period 
of one second or longer and have pronounced affect on the power 
system frequency and/or interchange.
In order to allow for maximum simplification of the power 
system model while, at the same time, maintaining a representation 
which adequately reflects the significant dynamics of the power 
system, the following assumptions are judged to be appropriate:
1. The duration of the transient power swings between
generators following a disturbance is much shorter 
than the one-second solution step which will be 
used to calculate the dynamic response of the power 
system. Accordingly, such swings will be ignored,
i.e., all generation sources within a given island 
will be assumed to be in synchronism at all times. 
(Note: It is implicitly assumed that the power 
system dynamic model is transiently stable.)
2. The transient electrical performance of synchronous
machines (generators) and exciters do not need 
to be modelled since the duration of such a 
transient is less than the one-second solution 
time step which is to be used to calculate the 
dynamic response of the power system.
3. The transient response of governors for thermal
generator units is faster than the basic 
one-second solution period and accordingly, 
need not be modelled. The transient response of 
governors for hydraulic units spans a period of 
several seconds; therefore, they must be 
represented within the dynamic model of the power 
system.
4. Power system load dynamics are not being modelled
since the duration of such dynamics is typically 
small (tenths of a second) relative to the 
one-second dynamic solution time step which 
will be used.
5. The level of detail proposed for generator unit
models in this document is based solely upon 
engineering considerations. Accordingly, during 
the design phase for the DTS, appropriate tests 
will be performed to ascertain whether or not the 
CPU time required by the proposed model is 
excessive. If it is, further tests will be 
performed to determine the best way to reduce
the complexity of the proposed models such that the 
CPU timing requirements are satisfied and minimum 
impact on the accuracy of the dynamic simulation is 
realized.
Generator Unit Model
The static representation for generator units that is currently 
employed by the applications baseline is expanded to a dynamic 
model which considers those electromechanical transients that are 
significant relative to the one-second integration time step 
which is to be used to solve for the dynamic response of the power 
system. As described above, the electrical transients associated 
with the synchronous machine and the exciter, as well as the 
governor for thermal units, are sufficietly brief to permit the 
omission of these elements from the generator unit dynamic model. 
The remaining generator unit elements that are modelled are 
related to the prime mover and its associated controls which 
exhibit a transient behavior for one or more seconds.
Three types of generator unit prime mover models are supported:
1. Fossil Fueled Thermal
- Once-Through Supercritical or Subcritical Boilers
—  Drum Type Oil-Fired, Coal-Fired or Non-Reheat 
boilers
2. Nuclear - Boiling Water Reactor (BWR)
3. Hydraulic Turbine
D G U T ES  F l o w c h a r t
1.Fossil-Fueled Thermal Unit Models
Once-Through Type Boilers The functional diagram for the model
of a generator unit which is supplied by a fossil-fueled once-through 
type of steam supply system is shown in Figure 9. By supplying 
appropriate parameters to this model, the performance of supercritical
or subcritical units maybe modelled.
For sake of an example, two sets of model parameters are shown 
in Table 1, one for supercritical, the other for a subcritical 
type of fossil fuelled thermal unit.
Drum Type Boilers The functional diagram for the model of a 
generator unit which is supplied by a fossil-fuelled drum type of 
steam supply system is shown in Figure 10.By supplying appropriate 
parameters to this model, the performance of oil-fired, coal-fired, 
and non-reheat units may be represented.
Example parameters for an oil-fired, drum type unit are shown 
in Table 2.
2. Nuclear Boiling Water Reactor (BWR)
Nuclear Prime Mover Subroutine (NUCLER) describes the dynamics 
of a Boiling Water Reacter (BWR) with respect to its pressure 
regulator offset and recirculation flow effects on the unit's 
mechanical power output. A functional flow diagram is given in 
Figure:11. A more detailed single line drawing of the same model 
is given in Figure 12 . In Figure 13 omega represents system speed 
(frequency/60), CSi’EDF is the frequency setpoint, SPYB is governor 
setpoint, and PMYB is the mechanical power output. The following is
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EXAMPLE PARAMETER VALUES FOR THE FOSSIL-FUELED, 
ONCE-THROUGH PRIME MOVER MODEL
SUBCRITICAL SUPERCRITICAL
Ks MANUAL LOAD DEMAND GAIN TBP TBPRAISE/LOWER DEMAND RATE LIMIT 0.3 MW/SEC 1.0 MW/SEC
QEMAND ACCUMULATOR OUTPUT 138 MW 538 MW
CYS01
LIMIT 
BASE VALUE OF UNIT 191 MW 745 MW
R
(MECHANICAL) 
SPEED REGULATION 0.05 0.05
KP1 GOV. CONTROL PROPORTIONAL 0.01 0.095
H 
1
1- 
1 GAIN
GOV. CONTROL INTEGRAL GAIN 0.10 0
C^S03
GOV. CONTROL TIME CONSTANT 100 SEC 175 SEC
DEADBAND 3 MW 10. MW
CYS04 FIRST STAGE PRESSURE 1.0 1.0
k ipl
FEEDBACK INDICATOR 
INITIAL PRESSURE LIMITER GAIN 10 10
VALVE RATE LIMIT OPENING 0.025 SEC-1 0.025 SEC-
VALVE RATE LIMIT CLOSING 0.100 SEC-1 0.100 SEC“
VALVE TRAVEL LIMIT 0 — ► 1 p.u. 0 --* 1 p.u
INITIAL PRESSURE LIMITER 0.85 p.u. 0.85 p.u.
SETPOINT 
SPEED SETPOINT 1.0 p.u. 1.0. p.u.
LOAD LIMIT 191 MW 745 MW
F PORTION OF POWER DEVELOPED 0.28 0.28
Tr
BEFORE REHEATER 
REHEAT TURBINE TIME 8 SEC 8 SEC
CONSTANT
T SENSOR LAG TIME CONSTANT 1 SEC 1 SEC-
C1 TRANSITION ZONE PLUS 27.042 p.u. 6.5938 p.u.
c2
PRIMARY SUPERHEATER STEAM 
CAPACITY REPRESENTATION 
SECONDARY SUPERHEATER STEAM 6.0417 p.u. 3.8771 p.u.
Kl-
CAPACITY REPRESENTATION 
FEEDWATER SYSTEM PROPORTIONAL 0.9881 0.9881
k 2
GAIN
FEEDWATER SYSTEM INTEGRAL 0.0214 0.0214
M
GAIN
FEEDWATER SYSTEM INERTIA 20 SEC 20 SEC
H
Ki
TIME CONSTANT 
BOILER CONTROL PROPORTIONAL 4.5 1.76GAIN
BOILER CONTROL INTEGRAL GAIN 0.03 0.112
K0 BOILER CONTROL DERIVATIVE GAIN 44. 88.
m Ib
THROTTLE PRESSURE SETPOINT 1.0 p.u. 1.0 p.u.
MEGAWATT ERROR BIAS 0.0382 0.514
PEB PRESSURE ERROR BIAS 3.926 1.0
PRESSURE ERROR DEADBAND 0.004 p.u. 0.006 p.u.
Table 1. Par a me t er  Values for the F o ss il -  Fueled 
O n c e - T h r o u g h  Prime Mover Model
EXAMPLE PARAMETER VALUES FOR AN OIL-FIRED, 
DRUM-TYPE PRIME MOVER MODEL
Kpl
KI1*1CYS01
R
DEADBAND
CYS04
KIPL
Tr
T
C 1
DI'
KI*dTp
MANUAL LOAD DEMAND GAIN TBP
RAISE/LOWER DEMAND RATE LIMIT 0.3 MW/SEC
DEMAND ACCUMULATOR OUTPUT LIMIT 163 MW
GOV. CONTROL PROPORTIONAL GAIN 0.0094
GOV. CONTROL INTEGRAL GAIN 0
GOV. CONTROL TIME CONSTANT 100 SEC
BASE VALUE OF UNIT SIMULATED 225 MW
SPEED REGULATION 0.05
DEADBAND 0..06 MW 
FIRST STAGE PRESSURE FEEDBACK INDICATOR 1.0
INITIAL PRESSURE LIMITER GAIN 10.0
VALVE RATE LIMIT OPENING 0.025 SEC”!
VALVE RATE LIMIT CLOSING 0.100 SEC“1
VALVE TRAVEL LIMIT 0---*-1 p.U.
INITIAL PRESSURE LIMITER SETPOINT 0.85 p.U.
SPEED SETPOINT 1.0 p.u.
LOAD LIMIT 225 MW
PORTION OF POWER DEVELOPED BEFORE 0.28 
REHEATER
REHEAT TURBINE TIME CONSTANT 8 SEC
SENSOR LAG TIME CONSTANT 1 SEC
DRUM PLUS PRIMARY SUPERHEATER STEAM 17.430 p.U.
CAPACITY REPRESENTATION
SECONDARY SUPERHEATER STEAM CAPACITY 11.668 p.u.
REPRESENTATION
FUEL FIRING SYSTEM DELAY TIME 6 SEC
FUEL SYSTEM TIME CONSTANT 9 SEC
BOILER CONTROL PROPORTIONAL GAIN 0.8
BOILER CONTROL INTEGRAL GAIN 0.015
BOILER CONTROL DERIVATIVE GAIN 30.
THROTTLE PRESSURE SETPOINT 1.0 p.u.
Ta ble 2. Par a m et er  Values for an O il - F i r e d  
D ru m - T y p e  Prime Mover Model
Ks MANUAL LOAD DEMAND GAIN TBP
RAISE/LOWER DEMAND RATE LIMIT TBP
DEMAND ACCUMULATOR OUTPUT LIMIT MW RATING
R SPEED REGULATION 0.05
r TRANSIENT REGULATION 0.40
CYP03 DEADBAND 1 MW
T- TRANSIENT DROOP TIME CONSTANT 8 SEC
CxP05 RATE OF GATE LIMIT 43.33 
MW/SEC
(- MW RATING/GATE FULL TRAVEL TIME)
CYP06 GATE UPPER LIMIT MW RATING
CYP07 GATE LOWER LIMIT 0 MW 
(> MW CORRESPONDING TO NO LOAD)
Tw WATER STARTING TIME 2 SEC
Table 3. P a r a m e t e r 'Values for the Hydro Unit
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Table 4. Parameter Values for the Nuclear BWR 
Unit Prime Mover Model
EXAMPLE PARAMETER VALUES FOR THE NUCLEAR 
(BWR) UNIT MODEL
Kg MANUAL LOAD DEMAND GAIN TBP
RAISE/LOWER DEMAND RATE LIMIT TBP
DEMAND ACCUMULATOR OUTPUT LIMIT 1550 MW
CAP CAPABILITY, MW, PER UNIT BASE FOR POWER 1550 MW 
(ELECTRICAL)
K- PROPORTIONAL PART OF RECIRCULATION CONTROL 0
Tp IN-CORE THERMAL TIME CONSTANT 7 SEC
Kj INTEGRAL PART OF RECIRCULATION CONTROL 0.15
LIMIT TO SIGNAL TO PRESSURE REGULATOR ±0.1
K GAIN OF PRESSURE REGULATOR OFFSET 0.6
TIME CONSTANT OF PRESSURE REGULATOR OFFSET 25 SEC
T2 TIME CONSTANT OF PRESSURE REGULATOR OFFSET 5 SEC 
f PORTION OF POWER DEVELOPED BEFORE THE CROSSOVER 0.3 
MOISTURE SEPARATOR
TLp TIME CONSTANT OF STEAM FLOW IN MOISTURE 4.5 SEC 
SEPARATOR AND CROSSOVER
R SPEED REGULATION 0.05
BWR POWER TO RECIRCULATION FLOW RELATIONSHIP
Figure 14.
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a list of the variables and the values used in these simulations. 
This list also includes controller settings.
This model is valid for load demand errors less than 10 % 
magnitude. Power generation PGEN (see Figure 14 ) is related to 
recirculation flow by
PGEN = (RECFLO + 0.3) (CYB05) / 1.3 
where RECFLO is the recirculation flow and CYB05 relates the power 
to recirculation flow. This constant accounts for base rod 
position. For 100% rod pattern CYB05 = 1., for 60% rod pattern 
CYB05 = .6. Figure 14 shows the relationship of power to 
recirculation flow for the precent rod pattern.
The power corresponding to full recirculation flow is PGEN, 
where PGEN = (RECFLO + .3) / 1.3. Finally, it is noted that the 
nuclear model is a per unit model and the governor setpoint input 
is normalized and the mechanical power output is converted back to 
megawatts. This model can be used for any size unit on the system 
as long as the appropriate initial conditions are supplied.
In a manner similar to the other prime mover subroutines, 
NUCLER uses array variables in its equations allowing the one model 
to represent many units. The array AT0M(L) is used for this 
subroutine and is defined at the beginning of the listing. The 
data is stored in the associated block data in the array ATOMl(LL). 
The index L is again used to allocate 31 variables for each nuclear 
unit modeled.
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3. Hydraulic Turbine
Hydro Prime Mover Subroutine (HYDRO) represents the dynamics 
of a hydro unit; including governor wicket gate travel rate 
limits, and the turbine. This model is able to follow economic 
dispatch and regulation control signals, and is applicable for run 
of river and pumped storage plants.
The governor representation includes transient droop 
compensation. The transient droop time constant, Tr, must be 
greater than two times the integration interval. This model uses 
an eight-second time constant. If the transient droop were not to 
be included then the ratio R/r, would be set to 1. and Tr may 
be arbitrarily chosen. The governor and gate dynamics are further 
illustrated in F i g u r e  18. This approximates the gate servo-loop 
with rate and position limits and proportional and derivative 
feedback action. The feedback gains establish the steady state 
regulation and transient droop and its washout time.
The servo time constant of the gate is about one second or less 
and is masked by the temporary droop effect. The model does not 
include water column or surge tank effects since these are 
short-term characteristics when compared to the integration step.
In order that the model will be valid for both high head and 
low head hydro generation a Z-form algorithm was used for the turbine 
simulation, see Figure 19. The Table 3 is a list of the variables 
used in this component model.
This model also uses array variables (WATER(L)) thus enabling
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Figure 18. Hydro Unit Governor & Gate Dynamics
HYDRO TURBINE DYNAMICS 
Z FORM
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CC = 1/(J+T „ /2A)
Figure 19. Hydro Turbine Dynamics Z Form
one subroutine to simulate many different hydro units merely by 
changing the data fed into the array variables. The parameters are 
defined at the beginning of subroutine HYDRO and the data from the 
associated block data set is fed in to the array parameters.
For example:
WATER (L + 5) = WATER1 (LL + 2) 
where WATER is the array used in subroutine HYDRO, WATER is block 
data, L is the index number of a particular unit of this type 
(UNTYPE = 5 )  which corresponds to the value of NUMBER(N) 
calculated in the LDO model. Therefore, the first hydro unit uses 
WATER(l), to WATER(22), the second WATER(23) to WATER(44), etc.
The index LL is similarly used for the data WATER(LL).
Subsystem Design
This subsystem provides the tools to test and 
tune a generator u n i t’s prime mover dynamic model soft­
ware before its integration with the other dynamic models. 
This subsystem includes several programs, one by each 
dynamic prime mover model to be tested. With the programs 
included in this subsystem, it is possible to test the 
response of the prime mover for several typical inputs:
- Step Input
- Ramp Input
- Sine Wave Input
The prime mover in this test bed is isolated from the 
power system network and the mechanical inertia phenomena 
of the power system is not simulated.
The dynamic model is represented in a block 
diagram in figure 7 ; within these dynamic models the 
following prime m o v e r’s devices are simulated:
- Governor Controller
- Governor Motor
- Prime Mover Machine
- Mechanical Power Output Remote Sensor
Control Flow
All the programs in this subsystem have the same 
control flow, and it is explained below:
The Test Initialization Process: The main program 
transfers the control to the input routines to read the 
test input parameters, these test input parameters define:
- If the input used in the test will be the 
Generator Demand Set Point or the Governor's 
Scheduled Frequency Set Point.
- Type of function used to change the input of 
the prime mover dynamic model, e.g., ramp 
e q u a t i o n ,Sine equation, etc.
These input routines also read the test integration 
parameters: integration time step size and time to finish 
the simulation run, the initial conditions for the m e c h a n ­
ical power output, frequency, and generation demand set 
p o i n t .
Dynamic Model Initialization: After finishing the 
Test Initialization step described above, the main program 
uses cards and data processor routines to read card 
images with prime mover's dynamic parameters and store 
them in the respective data structure.
The mentioned cards and data processor routines 
are a modified version of the similar module that is used 
in DTS Data Base Generation program (DDBGEN), to read, 
validate, and store the following card images that are 
described in the DTS ADRM:
- GDI- Generation Unit Dynamic Model Data
card form 1 .
card form 1 .
-GD2- Generator Unit Dynamic Model Data card 
form 2 .
-GV- Generator Unit Governor controller Data 
C a r d .
-NUG1- BWR Nuclear Generator Model Generic 
. Data card form 1.
The mentioned card and data processor routines are a 
modified version of the similar module that is used in 
DTS Data Base Generation program (DDBGEN), to process 
the above mentioned cards.
Dynamic Simulation: After that, the test and tuning 
program starts a loop to perform the dynamic simulation.
That loop is necessary to perform the numerical 
calculations to integrate the differential equations 
involved in the dynamic model.
In each loop, the actual integration time is advanced 
one integration time step At.
Therefore, the control flows through the following 
r o u t i n e s :
1.Dynamic Model Test's Input Changes Calculation: 
The Dynamic Model Test's Input Changes Calculation 
routine, calculates the new value of the test input
for the dynamic generator unit model under test.
2. Governor Dynamics Simulator: This routine
simulates the dynamics of the governor and the governor 
control device.
3.Generator U n i t’s Prime Mover Dynamics: The 
calculations at this step are performed by the respective 
prime mover dynamic model subroutine, e.g., Fossil 
Fueled Prime Mover Dynamic Model, Hydraulic Prime Mover 
Model, etc.
4. Output Time Depend Results: This step is 
performed by two subroutines:
4.a. Subroutine Dynamic Model Test Print Preperation 
(DGUPRI): The DGUPRI subroutine prepares the values to be 
printed by the subroutine Dynamic Model Test Output 
(D G U O U T ) .
This is a key subroutine which permit change in the co­
ordinates of the variables to be printed by the Test and 
Tuning program.
4.b. Subroutine Dynamic Model Test Output (DGUOUT):
It prints a listing with the test input and the test 
output as a function of the time by each numerical 
integration loop.
When the integration time is greater than the 
required simulation total time, the dynamic calculation 
loop is interrupted and the control is transfered to 
DGUPLO to plot the input/output of the dynamic model as 
a function of the time.
Dynamic Model Test Plotter (DGUPLO): When the 
integration time is greater than the required simulation 
total time, the dynamic calculation loop is interrupted 
and the control transfered to DGUPLO to plot the 
input/output of the prime mover dynamic model as a function 
of the t i m e .
Program and Support Library
The program list contains TGFOFU, HYDRO and NUCLER.
T G F O F U : Test and Tuning Fossil Fueled Dynaic 
Generator Unit Model.
HYDRO: Test and Tuning Hydraulic Dynamic 
Generator Unit Model
NUCLER: Test and Tuning Boiling Water Reactor 
Dynamic Generator Unit Model.
The above mentioned programs give to the user the 
possibility to calculate and plot the mechanical output 
changes when the inputs for the dynamic generator unit 
model changes like a step, ramp, or sine function.
The support library is as follows;
DDBERL- Print Error Messages: This subroutine 
is the same module that is used in program DDBGEN. This 
subroutine prints error messages on the line printer.
DELAY: Generator Unit Model Delay Function.
This is a FORTRAN user defined function which simulates 
a time delay in the dynamic generator unit model's
l o o p s .
FREADI- Integer Read Function: This function 
reads the integer test parameters. Function FREADI 
writes on the user computer terminal messages related 
with the test data necessary for the TGFOFU run. The user 
should enter the required data in the indicated integer 
f o r m a t .
FREADR- Real Read Function: This function reads 
the real test parameters. Function FREADR writes on the 
user computer terminal messages related with the test 
data necessary for the TGFOFU run. The user should enter 
the required data in the indicated real format.
INTGRL- Generator Unit Model Integration routine: 
INTGRL is a FORTRAN user defined function which uses 
the trapezoidal method for numerical integration of the 
generator unit dynamics equations.
LIMIT- Generator Unit Model Limiter Function: This 
is a FORTRAN user defined function which simulates a 
nonlinear limiter device in the dynamic model.
PRTMNG- Print a Line With Format Control: This 
subroutine is the same module that is used in program 
DDBGEN. The subroutine PRTMNG provides format control 
for a printed listing. Pages are automatically numbered 
and the user supplied headings are printed at the top of 
each page.
DGUCHA- Dynamic Models Input Changes Calculation: 
Subroutine DGUCHA calculates changes in the test input 
selected to test the dynamic model. DGUCHA can use either 
a ramp, step or sine to calculate the test input changes 
as a function of the time.
DGUOUT- Dynamic Model Test Output: This subroutine 
print a listing with the mechanical power output and the 
selected input: Scheduled Frequency or generation Demand 
Set Point.
DGUPLO- Dynamic Model Test Plotter: This subroutine 
plots the test input and the corresponding output of the 
dynamic generator unit model as a function of time.
DGUPRI- Dynamic Model Test Print Preparation: This 
subroutine prepares the program output to be printed for 
DGUOUT.
Data Structures
The following are the data structures defined in this 
subsystem. With exception where it is indicated, all of 
them are used in the programs in this Test and Tuning of 
of the Dynamic Models subsystem.
ATTOM- This labelled common has the parameters 
for 10 Boiling Water Reactor units. This data structure 
is used in the program NUCLER only.
B0ILRS- This local common data structure has the 
fossil fueled prime mover parameters for 1 0 types of units
Super-critical O n c e - T h r o u g h , Subcritical O n c e - T h r o u g h ,
Oil Fired Drum Type, Coal Fired Drum Type, Non ReheatDrum 
Type and five more that at this time are not defined.
Point BOTYPE identifies the boiler type and ranges from 
1 to 10. This data structure is used in the program TGFOFU 
o n l y .
C0N0UT- This data structure contains the parameters 
used to control the output routine DGUOUT.
C0NST1- This local common data structure has the 
governor parameters.
CUVAL1- These local common data structures have 
information covering the current value of the parameters 
used to represent the dynamics of the generator unit.
CUVAL2- These local common data structures have 
information used to represent the dynamics of the generator 
unit.This information covers the current parameter values.
CUVAL3- These local common data structures have 
information used to represent the dynamics of the generator 
unit. This information covers the current parameter values.
INITAL- This labelled common has the initial condition 
values, data for integration purpose, unit type, test 
function parameters and selected inputs.
TINIT- This common structure has the test control 
p a r a m e t e r s .
WATT- This local common data structure is the storage 
area used to store the parameters for 6 Hydro units. This 
data structure is used in the program HYDRO only.
Nuclear Testing Input Parameters
Initial Mechanical Power -120 MW
Installed Capacity -180 MW
Initial Frequency Set Point -60 HZ
Initial Speed of System 
Integration Time Step
Start Changes Time 
Simulation Time 
Input Option 1
Test Function Option
Step Values 
Ramp(Slope) Values
Amplitude for Sine Values 
Oscillation Period Values
”1.0 p.u
-1.0s (Fori,2,3,4,5) 
- 0 . 5s ( F o r 6 ,7,8)
- 0 . 0 s
- 3 0 0 .0s
-Generation Demand 
S e l e c t e d .
-l-Step(For 1,6) 
- 2 - R a m p ( F o r 4 ,5,7,8) 
-3-Sine(For 2,3)
-For 1 : 10 MW
-For 6 : 30 MW
-For 4 ; 0.125MW/s
-For 5 • 0.5MW/s
-For 7 • 0.125MW/s
-For 8 •• 0.5MW/s
-For 2 ; 5.0MW
-For 3 • 10.0MW
-For 2 •• 1 0 s
-For 3 •• 5s
Table 5. Nuclear Unit Testing Input Parameters
(1)
(MW)
1
130
120
110
100
90
0
Nuclear BWR Unit 
Step Input
75 150 225
Sec
300
Figure 20. Nuclear Unit Step Input
( 2 )
Sec
Figur 22. Nuclear Sine Wave Input
______________ ^ Sec
Figure 23. Nuclear Ramp Input
150 300
Sec
Figure 24. Nuclear Ramp Input
( 6 )
(MW) 
k 150
120
90
60
Sec
(7)
(MW)
120
100
90
80
70
60
50
Ramp Input 
I
0
0 150
Sec
( 8 )
(MW)
Figure 26. Nuclear Ramp Input
Ramp Input
Sec
Hydro unit Testing Input Parameters
Initial Mechanical Power -120 MW
Initial Frequency Set Point -60 Hz
Initial System Speed -1.0 p.u
Integration Time Step -1.0 Sec
Start Changes Time -0.0 Sec
Simulation Finish Time -250.0 Sec
Input Option -1 Generation Demand Selected 
Test Function Option -1- Step (For 10,12)
- 2 - Ramp ( F or9,13,15)
-3- Sine (Forll,14)
Step Values -For 10- 10 MW
-For 12- 20 MW 
Ramp(Slope) Values -For 9 - 0.125 MW/Sec
-For 13- 0.35 MW/Sec 
-For 15-0.55 MW/Sec 
Amplitude for Sine Values -For 11- 10 MW
-For 14- 10 MW
Os cillation Period Values -For 11- 5 Sec
-For 14- 20 Sec
Table 6 . Hydro Unit Testing Parameters
Hydro Unit
Figure 28. Hydro Ramp Input
Step Input
( 1 1 )
(MW)
Sine Wave Input
130
120 
110 
100
90
80
70
60
Figure 30. Hydro Sine Wave Input
Figure 31. Hydro Step Input
_____________^ Sec
Figure 32. Hydro Ramp Input
Sine Wave Input
___________ ►  Sec
Figure 33. Hydro Unit Sine Wave Input
0 125 
______________^  Sec
MARUBENI/ENDESA HYDRO PROJECT
This is a hydroelectric complex in Chile owned 
and operated by ENDESA, a utility company in that country. 
MARUBENI, a Japanese engineering consultancy company 
has requested TRW Controls to supply the Energy M a n a g e ­
ment System for this hydro-complex. There are three re s e r ­
voirs supplying both the irrigation and power requirements 
of this system; namely, Colbun, Machicura, and Pehuenche.
Dr. Will Briggs, the Software Development Leader 
for the project, assigned me the task of designing the 
programs to read and validate the fields of the data card 
images corresponding to the customer supplied data. The 
area of concern was the Hydraulic Works Model data.
There were twenty six types of data cards, and each 
required a separate subroutine to validate its field and 
a master driver , called E D B G E N (ENDESA DATA BASE GENERATION) 
program, to execute the program.
An example of a typical data type has been included 
to clarify the above description. The Flow Chart gives a 
clear idea of the logic underlying the execution of the 
p r o g r a m .
Hydraulic Works Model Information
As observed in the Flow Chart the data cards 
requiring validation pertain to the Hydraulic Works 
model data base. This data base is used by the Generation 
Scheduling Hydraulic Works Control and REG Adjustment 
subsystems. The following data cards are required: 
Category i_ Reservoir Data
RD - Resovoir Definition Data Card 
RC - Reservoir Control Data Card 
RM - Reservoir Model Data Card 
Category 2 - Irrigation Data
IRI - Irrigation Point Data Card One 
IR2 - Irrigation Point Data Card Two 
Category 3 - Spillway Data
SW - Spillway Definition Data Card 
SP1 - Spillway Model Data Card One 
SP2 - Spillway Model Data Card Two 
UR - Spillway Unrestricted Flow Model Data Card 
SCI - Spillgate Control Data Card One 
SC2 - Spillgate Control Data Card Two 
ST - Spillgate Control Hardware Address Definition 
Data Card 
Category 4 - Generator Plant Data
PL - Generator Plant Definition Card
DG - Generator Plant Discharge/Generation Model Data

Card
EF - Generator Plant Efficiency Data Card 
NH1 - Net Head Model Data Card One for Linear 
Programming
NH2 - Net Head Model Data Card Two for Linear 
Programming
TD - Real-Time Turbine Discharge Model Data Card 
RH - Real-Time Net Head Model Data Card 
IV - Irrigation Valve Model Data Card 
Category 5 - Miscellaneous Data
MR - Maule River Model Data Card 
EM - Hydro Complex Efficiency Model Data CArd 
TG - Generation Scheduling Subsystem Tuning Data 
Card
Thl - Hydraulic Works Control Subsystem Tuning Data 
Card One
Th2 - Hydaulic Works Control Subsystem Tuning Data 
Card Two
TR - REG Adjustment Function Tuning Data Card 
The above data cards must be grouped and input in the 
above sequence.
Reservoir Definition Data Card (RD)
A Reservoir Definition Card must be supplied for each 
reservoir modelled in the hydraulic system model data 
base. A mximum of MAXRES (set to 4) reservoirs can be
defined in the system model data base.
Card Type (Col. 1-2)
RD
Reservoir Name (Col. 4-15)
This field contains a 12-character reservoir name. A 
unique name must be supplied for each reservoir. 
Reservoir ID Code (Col. 17-19)
The 3-character reservoir ID code is used to 
distinguish the reservoir within the complex. The 
following ID codes are valid:
COL - Colbun reservoir 
MAC - Machicura reservoir 
PEH - Pehuenche reservoir 
Maximum Reservoir Normal Elevation Level (Col. 21-28) 
This field contains the maximum reservoir normal 
elevation level. The value must be positive and larger 
than the minimum reservoir normal elevation level. A 
decimal point must be included if a fractional value is 
entered in this field.
Minimum Reservoir Normal Elevation Level (Col. 30-37) 
This field contains the minimum reservoir normal 
elevation level. The value must be positive and smaller 
than the maximum reservoir normal elevation level. A 
decimal point must be included if a fractional value is 
entered in this field.
Maximum Reservoir Exceptional Elevation Level (Col. 39-46) 
This field contains the maximum reservoir exceptional 
elevation level. The value must be greater than or 
equal to the maximum reservoir normal elevation level 
and greater than the reservoir exceptional elevation 
level. A decimal point must be included if a fractional 
value is entered in this field.
Minimum Reservoir Exceptional Elevation Level (Col. 48-55) 
This field contains the minimum reservoir exceptional 
elevation level. The value must be less than or equal to 
the minimum reservoir normal elevation level and less 
than the maximum reservoir exceptional elevation level.
A decimal point must be included if a fractional value 
is entered inthis field.
Reservoir Index (Col 57-59)
This field contains the reservoir index number. It 
must be one or greater and not exceed the maximum number 
of reservoirs MAXRES. This index is used to store the 
reservoir data in the data base array.
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The report spotlighted the salient features of the 
period of internship at TRW Controls.
The internship experience was interesting and gave 
me a first hand experience of how American industry functions. 
I was introduced to the prevailing management styles 
and the highly technical aspects of project engineering 
in the Power Systems Applications field.
I feel that my sojourn at TRWC adequately exposed 
me to the various goals of the Doctor of Engineering 
internship program and fulfilled the requirements of the 
i n t e r n s h i p .
I am grateful to TRWC for allowing me to gain such 
an experience and use it towards my Doctoral internship.
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APPENDIX - I
The models for the generator units, external bus 
injection generation points and island frequency are 
defined to a level of detail which permits accurate 
simulation of long-term dynamics that last up to 2 0 
minutes following major disturbances. These dynamic 
models will provide a realistic response for disturbances 
such as the loss of significant generation or load. At 
this time , it is not known if these models will require 
too much CPU time and memory, or if less detailed models 
can be used. Therefore, during the design phase of the 
DTS implementation, a study will be made using a program 
that contains the detailed dynamic models to:
(a) Determine the CPU time and memory required for 
the models
(b) Determine the technique for solving the 
differential equations
(c) Determine if realistic responses can be*obtained 
for less detailed models
Based on the results of this study, the actual dynamic 
models that will be used in the DTS will be defined.
Key Features
1. FORTRAN 78/66 - The new programs developed for this 
DTS development effort will take in to consideration 
the FORTRAN 78 language but they will be coded in
FORTRAN 6 6 .
2. Realistic Information Presentation - Special efforts 
are made to assure that the information presented
to the trainee resembles what he expects from the 
real world. One example is when an equipment change 
of status i n d i c a t i o n .is reflected in the simulated 
EMS real-time data base, the change of affected 
analog values is simultaneously reflected. This is 
to avoid the situation where a circuit breaker 
opens and its status change is stuffed in the 
simulated real-time data base; but because the DTS 
load flow program has not run, the old circuit flow 
value is still unrealistically presented. It should 
be noted that data is always transferred from the 
Fast Decoupled Load Flow solution data area to the 
simulated EMS real-time data base.
3. Security Analysis Program Execution - While the DTS 
is performing a dynamic simulation, the following 
security analysis functions may be manually requested 
by the trainee:
- Real-Time System Status Processor
- State Estimation
- Real-Time Contingency Analysis
- Circuit Breaker Validation
- D i s p a t c h e r’s Load Flow
- Study Mode System Status Processor
- Study mode Economic Dispatch calculation
- Study Mode Contingency Analysis
These applications functions will obtain a valid 
solution that can be presented on the baseline 
applications displays. Due to the computer resources 
that the DTS is using, these applications functions 
will take longer to complete their execution.
4* Multi-Island Solution - Fast Decoupled Load Flow
solution of each of up to the 5 largest in-service 
islands in the simulated power system network model 
is continuously computed. The solution includes 
all the bus voltages and circuit flows in these 
islands. The solution values are stuffed in the 
simulated real-time base. The following features 
are included:
- Summaries of generation , load and interchange 
for the largest island are computed on demand 
by the instructor for his display purposes.
- The circuit flows for equipment that are not in 
the above islands are set to zero.
- Over/under frequency relaying on generator units 
are included to realistically simulate the affect 
of islanding.
- The internal generation control area can be split 
into multiple islands but each defined external
generation control area can exist in only one 
island. Islands that only contain bus injection 
generation points are in-service if they contain 
at least two buses in the internal generation 
control area. Each external generator control 
area must have at least one defined bus injection 
generation point.
5. The instructor will have a d i s p a t c h e r s  Load Flow 
function to establish the steady state load flow 
solution of the interconnected power system network 
prior to starting the dynamic simulation. All 
c apabilities for the D i s p a t c h e r s  Load Flow will be 
available along with the capability to solve multiple 
islands and to provide area interchange control.
Program Design
Test and Tuning BWR Nuclear Dynamic Generator Unit Model
1. Function
The Test and Tuning BWR Nuclear Dynamic Generator 
Unit Model Program DGUTES, provides the caipability to 
detect conceptual errors in the mathematical model of the 
prime mover generator unit dynamics, its coding, and 
its p a r a m e t e r s .
With this program, the user is able to tune the 
dynamic generator unit model and its parameters, to find 
the required response for the model under test before 
its integration with the other DTS ’ s models.
2. Description
Program DGUTES specifically simulates the prime 
mover generator unit dynamics in the time domain in 
response to the test inputs given below:
Scheduled ,--------------------------- 1
Frequency --->j I
(CSKEDF) I i
i1 j---> Mechanical Power
! i Output (PM)
Generation | i 
Demand (PEC) >J__________________________ |
Fig 3 7  ^ Dynamic Model’s Inputs and Outputs
This program tests the dynamic model by changing the Power 
Generation Demand Set Point PEC, or the Scheduled Frequency Set 
Point CSKEDF, using one of the following types of input (test input) 
f u n c t i o n s :
- Step Equation
- Ramp Equation
- Sine Equation
Internally, the BWR NUclear powered prime mover dynamic 
generator unit model subroutine NUCLER calculates the 
difference between the Scheduled Frequency CSKEDF and the 
island speed OMEGA.
Similarly, the Governor Dynamic Simulator DGUGOV 
calculates the difference between the Generation Demand 
Set Point PEC and the Telemetered Mechanical Power Output 
P M S . Both, frequency and generator demand error signals 
activate the dynamic reactions in the model. The BWR 
Nuclear Prime Mover Dynamic Generator Unit Model subroutine 
and its associated data structure ATTOM represent the BWR 
Nuclear Prime Mover, and one subroutine is capable of 
being automatically restructured and revalued for each unit.
Only one subroutine is necessary for a simulation 
study case. In order to accomplish this, all the dynamic 
equations are in array form. Each variable is called as 
one of the 31 entries of the array ATOM. These sets of 31 
ATOM parameters are derived from 10 AT0M1 parameters for
for each type of prime mover stored in the data structure 
ATTOM. Each BWR Nuclear Prime Mover in the system model 
is put on a per-unit basis upon calling subroutine NUCLER 
and re-evaluated to its own base upon return from it.
Program DGUTES calls the Dynamic Model Test Parameter 
read DGUTIN to read the Test Input Parameters;
- Input Option
- Test Function Option
These parameters define if the model will be tested by 
changing the Generator Demand Set Point or the Governor's 
Scheduled Frequency Set Point. The Test Input parameters 
will also define the function or equation to use in the 
subroutine Dynamic Model T e s t’s Input Changes calculation 
DGUCHA to change the input selected to tedt the dynamic 
model, e.g., Step, Ramp, etc.
The program DGUTES uses also the subroutine DGUTIN 
to read the Test Integration parameters;
- Integration Time Step Size
- Time to start changing the dynamic 
m o d e l’s i n p u t
- Time to finish the simulation
and the initial conditions for the Mechanical Power Output, 
Scheduled Frequency and the Generation Demand Set Point.
Then the driver DGUTES uses the following subroutines:
- BWR Nuclear Dynamic Model Card Processor DGNUCP
- Generator Unit Dynamic Model Data Card Processor DGNUGD
- G e n e r a t o r  Unit G o v e r n o r  C o n t r o l l e r  Data Card 
P r o c e s s o r  DGNUGV.
- BWR N u c l e a r  G e n e r a t o r  M od el G e n e r i c  Data Card 
P r o c e s s o r  DGNUNU.
to read the f o l l o w i n g  card images d e s c r i b e d  in the DTS ADRM:
- GDI - G e n e r a t o r  Unit D y n a m i c  M odel D ata card form 1
- GD2 - G e n e r a t o r  Unit D y n amic M od el Data card f orm 2
- GV - G e n e r a t o r  Unit G o v e r n o r  C o n t r o l l e r  Data card
- N U G 1 -  BWR N u c l e a r  G e n e r a t o r  M o del G e n e r i c  Data
card form 1.
The a b o v e  m e n t i o n e d  cards and data p r o c e s s o r  r o u t i n e s  
are a m o d i f i e d  v e r s i o n  of the similar m o d u l e  that 
is used in DTS Data BASE G e n e r a t i o n  p r o g r a m  (DDBGEN), 
to p r o c e s s  the same cards.
The p r o g r a m  output is a li sting and plot, with 
the d y n a m i c  m o d e l’s inputs and output time e n o lu tion. 
M o d u l e  List
D D B E R L  - Pri nt Error Messages:  This s u b r o u t i n e  
is the same m o d u l e  that is used in DDBGEN, the DTS 
D a t a  Base G e n e r a t i o n  program. This s u b r o u t i n e  prints 
error m e s s a g e s  on the line printer.
D F L A Y  - G e n e r a t o r  Unit Model Delay F u n c t i o n :This 
is a F O R T R A N  user d e f ined funct i o n  w hich s i m u l a t e s  
a a time delay in the dynamic g e n e r a t o r  unit m o d e l’s 
l o o p s .
F R E A D I  - Inter g e r  Read F u n c t i o n : This f u n c t i o n  reads 
the i n t e r g e r  test paramet ers. F u n c t i o n  F R EAD I w r i t e s  
on the user c o m p u t e r  termin al m e s s a g e s  r e l a t e d  w i t h  the 
test data n e c e s s a r y  for the DGUT E S  run. The user should 
enter the r e q u i r e d  data in the i n d i c a t e d  i n t e r g e r  format.
FR E A D I  v a l i d a t e s  the format of the e n t e r e d  value 
and if it is wrong, it will require a n o t h e r  try from 
the user.
E x a m p l e : I
E N T E R  THE I N PUT  OPTION: J
i
1 - STEP (INPUT CONST A N T )  ,
i
2 - RAMP (INPUT = A x t ) ] F R E A D I 1S
i
3 - SINE (INPUT = A x sin (w x t) * m e s s a g e
ii
ii
X !] value entered by the user.
2
F R E A D R  - Real Read Fu nction. This f u n c t i o n  reads 
the real test p a r a meters.
F u n c t i o n  F R E A D R  writ e s  on the user c o m p u t e r  
t e r m i n a l  m e s s a g e s  related with the test data n e c e s s a r y  
for the D G U T E S  run. The user should enter the r e q u i r e d  
data in the i n d i c a t e d  format.
F R E A D R  v a l i d a t e s  the format of the e n t ered value 
and if it is wrong, it will req uire a n o t her try from the
user .
E x a m p l e :
E N T E R  I N I T I A L  S Y S T E M  S P E E D — p.u F R E A D R  1 s
m e s s a g e
X X X . X  
1 ] value entered by the user
I N T G R L  - G e n e r a t o r  Unit Model I n t e g r a t i o n  Rout i n e :  
I N T G R L  is a F O R T R A N  user defined  func t i o n  w h i c h  uses the 
t r a p e z o i d a l  m e t h o d  for n u m e r i c a l  i n t e g r a t i o n  of the 
g e n e r a t o r  unit dyn a m i c s  equations.
L I M I T  - G e n e r a t o r  Unit M odel  L i m i t e r  Func t i o n :  This 
is a F O R T R A N  user defined f unct i o n  w h ich s i m u l a t e s  a 
n o n l i n e a r  limiter device in the dynami c model.
L I M V A L  - Limit Val id a t i o n :  V a l i d a t e  card image 
v a l u e s  a g a i n s t  their m a x i m u m  and m i n i m u m  limit values.
P R T M N G  - Print a Line W ith Format Control: This 
s u b r o u t i n e  is the same modul e that is used in D D B G E N  
program . The P R T M N G  s u b r o u t i n e  p rovides  format c o n trol 
for a p r i n t e d  listing. Pages are a u t o m a t i c a l l y  n u m b e r e d  
and user s u p p l i e d  h e a d i n g s  are pr inted at the top of each
D G N D M Y  : This s u b r o u t i n e  calls the a d e q u a t e  card 
image p r o c e s s i n g  s u b r o u t i n e s  of the D y n a m i c  G e n e r a t o r  
Unit M o d e l  Test and tuning p r o g r a m  DGUTES. D G N D M Y  calls 
the D G H x x  subro u t i n e ,  where xx=GD, GV or FG. S u b r o u t i n e  
D G N D M Y  is a m o d i f i e d  v e r sion  of the similar m o d u l e  used
page
in p r o g r a m  D D B G E N  to process the DTS A D R M  cards.
N U C L E R  - BWR Nucle r Prime Mover D y n a m i c  Model: This 
s u b r o u t i n e  s i m u l a t e s  the BWR controls, and t u r b i n e  
d y n a m i c s .
D G U C H A  - D y n a m i c  M odel T e s t ’s Input C h a n g e s  
C a l c u l a t i o n  : S u b r o u t i n e  D G U C H A  c a l c u l a t e s  c h a n g e s  in 
the test input s ele cted to test the d y n a m i c  model. D G U C H A  
can use eith e r  ramp, step or sine to c a l c u l a t e  the test 
input c h a n g e s  as a func t i o n  of the time.
D G N U C P  - BWR Nu clear D y n a m i c  M o d e l  Card P r o c e s s o r :  
This s u b r o u t i n e  reads the DTS A DRM cards d e t a i l e d  in 
s e c t i o n  above. D G N U C P  reads one card, v a l i d a t e s  
their c o r r e c t  s e q u e n c i a l  order and calls the 
c o r r e s p o n d e n t  data proc e s s o r  subrou tine.
D G N U N U  - G e n e r a t o r  Unit D y n a m i c  Data Proce s s o r :
This s u b r o u t i n e  v a l i d a t e s  the c o m p l e t e  set of data 
in c ar ds GDI and GD2 ca lling the a d e q u a t e  s u b r o u t i n e .  
This s u b r o u t i n e  is a m o d i f i e d  v e r sion  of the s i m ilar 
m o d u l e  used in p r o g r a m  DDBG E N  to process the above 
m e n t i o n e d  cards. D G N U N U  will c a l l P R T M N G  to print a card 
image line in the p a r a m e t e r s  card listing.
If D G N U G D  finds e r r o n e o u s  value/s, it will call 
m o d u l e  D D B E R L  to print an error m e s s a g e  line in the 
a b ove  m e n t i o n e d  listing. If not, this data p r o c e s s o r  
will s t ore the data in the r e s p e c t i v e  data s tru c t u r e .
DG N U N U 1  - G e n e r a t o r  Unit D y n a m i c  M o d e l  Card F o r m  1 
P r o c e s s o r :  S u b r o u t i n e  D GNUNU1 v a l i d a t e s  data in card 
image GDI and s tores their data in common ATTOM.
D G N U N U 2  - G e n e r a t o r  Unit D y n a m i c  M odel Data Card 
F o r m  2 P r o c e s s o r :  S u b r o u t i n e  D G N U N U 2  v a l i d a t e s  data in 
card image GD2 and stores their data in c o mmon ATTOM.
D G U G O  - G o v e r n o r  D y n a m i c s  Simul a t o r :  D G U O U T  prints 
a l i s t i n g  with the m e c h a n i c a l  power output and the 
s e l e c t e d  input , f r e q u e n c y  or g e n e r a t i o n  set point as a 
time f u nct ion.
D G N U G V  - G o v e r n o r  C o n t r o l l e r  D y n a m i c  Data P r o c e s s o r :  
This s u b r o u t i n e  v a l i d a t e s  the c o m p l e t e  set of data in 
card G V . This s u b r o u t i n e  is a m o d i f i e d  v e r s i o n  of the 
s i m i l a r  m o d u l e  used in p r o g r a m  D D B G E N  to p r o c e s s  the 
a b ove m e n t i o n e d  card. DGNUGV will call P R T M N G  to print 
a card image line in the p a r a m e t e r s  card listing. If 
D G N U G V  finds e r r o n e o u s  value/s, it will call m o d u l e  
D D B E R L  to print an error m e s s a g e  line in the above 
m e n t i o n e d  listing. If not, this data p r o c e s s o r  will 
store the data in the r e s p e c t i v e  data structure.
D G U O U T  - D y n a m i c  Model Test Output: This s u b r o u t i n e  
p r i n t s  a l i s t i n g  with the m e c h a n i c a l  power o u tpu t and 
the s e l e c t e d  input w h i ch is S c h e d u l e d  F r e q u e n c y  or 
G e n e r a t i o n  D e m a n d  Set Point
D G U P L O  - D y n a m i c  Model Test plotter: The s u b r o u t i n e
D G U P L O  plots the test input and the c o r r e s p o n d i n g  
ou t p u t  of the dyn a m i c  g e n e r a t o r  unit m o d u l e  as a f u n c t i o n  
of time
D G U P R I  - D y n a m i c  Model Test Print P r e p e r a t i o n :  This 
s u b r o u t i n e  p r e p a r e s  the p r o g r a m  ou tput to be p r i n t e d  
for DGOUT.
D G U T I N  - D y n a m i c  Model Test P a r a m e t e r  Read: 
S u b r o u t i n e  D G U T I N  reads the test input p a r a meters, 
d e f i n i n g  the test input and the e v o l u t i o n  time type, 
the i n t e g r a t i o n  p a r a m e t e r s  and the initial c o n d i t i o n s  
for the m e c h a n i c a l  power output and f r e q u e n c y  and 
g e n e r a t i o n  dema n d  set point.
A s p e c i a l  c o n s i d e r a t i o n  is that the D G U T E S  
p r o g r a m  is a batch task.
M o d u l e  D e s i g n  D o c u m e n t s
The f o l l o w i n g  desig n d o c u m e n t s  are the m ost 
c r u c i a l  in the array of m o d u l e s  that were designed.
O nly thr ee are s p o t l i g h t e d  to present an idea of the 
c o n c e p t  u n d e r l y i n g  the F u n c t i o n a l  Flow . 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
D Y N A M I C  G E N E R A T O R  UNIT M O D E L  TEST AND T U N I N G  P R O G R A M  
DG UTES
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
DG U T E S  s i m u l a t e s  the dy namic g e n e r a t o r  unit r e s p o n s e  in 
the time domain, to d i f f e r e n t  types of input funct i o n s .  
W i t h  this tool it is possi b l e  to detect c o n c e p t u a l  e r ror s 
in the m a t h e m a t i c a l  d ynamic model and/or its p a r a m e t e r  
values. D G U T E S  is the main m o du le of the program. It 
d r i v e s  the e x e c u t i o n  of the other modules. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
This task is -a user in it i a t e d  o f f - l i n e  p r o g r a m  w i t h  card 
data inputs.
Input A r g u m e n t s  :None 
O u t p u t  A r g u m e n t s :None 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
DGUCHA: S i m u l a t e s  changes in the input of the d y n amic 
g e n e r a t o r  unit model under test.
D G U G O V : S i m u l a t e s  the gove rnor dynamics.
CA L L  D G U T I N  to read:
- I n i t i a l  c o n d itions.
- I n t e g r a t i o n  pa rameters.
- P r i m e  m over type.
- Test f u n c t i o n t y p e .
- Test f u n c t i o n  parameters.
- I n p u t  s e l e c t e d  to apply the test function.
[After i n i t i a l i z a t i o n  do the i n t e g r a t i o n  loop: ]
DO until TIME. G T . F I N T I M
IF T I M E .G E .S T A R T E ,time to start with chan g e s  in 
a .the test input 
THEN
C A L L  D G U C H A  to c a l c u l a t e  the change in the 
A s p e c i f i e d  input a c c o r d i n g  wi th the test 
^ f u n c t i o n  type and the s ele cted input.
E N D I F
C A L L  D G U G O V  to calcula te, th ro u g h  N U C L E R  s u b r outine,  the 
m e c h a n i c a l  o u tput  power w i t h o u t  chan g e s  in the d y n a m i c  
m o d e l  output.
I F .T I M E .G E .C U R P R T  
THEN
C A L L  D G U P R I  to prepare the printing.
C A L L  D G U O U T  to print the p r o g r a m  output, 
u p d a t e  C U R P R T
E NDIF
C A L L  D G U G O V  to calculate, t h r o u g h  N U C L E R  s u b r o u t i n e ,  the 
m e c h a n i c a l  o utput power w i t h o u t  c h a n ges in the 
d y n a m i c  model input.
IF T I M E . G E . C U R P R T  
T HEN
C A L L  D G U P R I  to p repare the printing.
C A L L  D G U O U T  to print the p r o g r a m  output.
U p d a t e  C U R P R T  
E N D I F
IF e rror flag is set to one
T H E N
U NDO
E N D I F
I n c r e a s e  TIME, the actual s i m u l a t i o n  time.
C o m p a r e  TIME  a g a inst F I N T I M
ENDO
C A L L  D G U P L O  to plot the input and outp u t s  of the d y n a m i c  
g e n e r a t o r  unit as a time fun c t i o n  and print a final 
r e por t w ith c h a r a c t e r i s t i c s  values of the test.
IF I E R R O R  is set 
THEN
wr i t e  error message:
Af S I M U L A T I O N  T E R M I N A T E S  DUE ERROR'
E N D I F
END: D G U T E S
DGUOUT: P r ints the output values.
DGUPLO: Plots the input and output of the dy namic 
g e n e r a t o r  unit model as a time function.
D G U P R I : P r e p a r e s  the output to be printed.
DGUTIN: R eads the test parameters. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
T his m o d u l e  calls the test input s u b r o u t i n e  D G U T I N  
to set and p rocess all the input data n e c e s s a r y  to define 
the test.
D G U T E S  then enters a loop where it calls the input change 
s u b r o u t i n e  DGUCHA, the governor s i m u l a t i o n  s u b r o u t i n e  
D G U G O V  and the print and output m o d ules DGUPRI and 
D GUOUT. D G U G O V  calls the s u b r o u t i n e  N U C L E R  to c a l c u l a t e  
the d y n a m i c  r e s p o n s e  of the fossil fueled prime mover.
All the d y n a m i c  p a r a m e t e r s  to be plotted by s u b r o u t i n e  
D G U P L O  are saved in file @PCF.
A f ter that, the driver DGUTES calls D G U P L O  to plot the 
input and o u t p u t s  of the dynamic prime mover unit model. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
L a n g u a g e :  F O R T R A N  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BEGIN: D G U T E S
[ This is the driver pro gram for the dynamic g e n e r a t o r  
unit ]
[ m o d e l  test and tuning software. ]
G O V E R N O R  D Y N A M I C S  S I M U L A T O R
DG U G O V
22 JU L 1983
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
T his s u b r o u t i n e  s i m u l a t e s  the gover n o r  c o n t r o l l e r  by 
p r o p o r t i o n a l  and integra l loops and the g o v e r n o r  motor 
d y n a m i c s .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
This s u b r o u t i n e  is called in F O R T R A N  as follows:
Call D G U G O V  
Input A rgum e n t :  none 
O u t p u t  A r g u m e n t  : none 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
— n o n e —
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NU C L E R
BWR N U C L E A R  G e n e r a t o r  Unit D y n a m i c  M o del s u b r o u t i n e .
DE L A Y
D e l a y  F unction.
I N T G R L
N u m e r i c a l  I n t e g r a t i o n  Function. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
T h i s  s u b r o u t i n e  uses the DELAY fuction to c a l c u l a t e  
the time lagg and the IN TGRL funct i o n  for i n t e g r a t i o n  
of the d i f f e r e n t i a l  equations.
This m o d u l e  uses the same model c o n f i g u r a t i o n  for all 
the pri me mover u n i t s ,chang i n g  the p a r a m e t e r s  only. 
D G U G O V  calls the s u b r o u t i n e  N U C L E R  to c a l c u l a t e  the 
M e c h a n i c a l  Power O u tput PM. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
L a n g u a g e :  F O R T R A N  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BEGIN: D G U G O V
[ This s u b r o u t i n e  simul a t e s  the gove r n o r  d y n a m i c s  and 
c a lls  ]
[ N U C L E R  to c a l c u l a t e  the boiler and turbine  d yna m i c s . ]  
C a l c u l a t e :
- U n i t  C o n t r o l  Error UCE.
- G o v e r n o r  Set Point SP.
- T e l e m e t e r e d  Sensed M e c h a n i c a l  Power P M S .
C A L L  N U C L E R  to c a l c u l a t e  the M e c h a n i c a l  Power O u t p u t  PM 
of the d y n a m i c  gene r a t o r  unit model.
END: D G U G O V
N U C L E A R  BWR G E N E R A T O R  UNIT D Y N A M I C  M O DEL
N U C L E R
31 OCT 1983
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
This m o d u l e  c o n t a i n s  the sim ul a t o r  s o f t w a r e  for the 
N u c l e a r  BWR T u r b i n e  dynamics. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
This s u b r o u t i n e  is called in F O R T R A N  as Follows:
CALL N U C L E R  ( C S K E D F ,O M E G A ,S P Y B ,P M Y B ,N U M B E R ,N)
Input A rgu m e n t s :
C S K E D F
(4-byte real) S c h e d u l e d  F r e q u e n c y  Set Point 
in H z . S e e  common CUVAL2.
N
(2-byte integer) S e q u e n t i a l  Index for 
g e n e r a t o r  unit. See common CUVAL1.
N U M B E R (N )
(2-byte integer) S e q u e n t i a l  Number for unit 
N w i t h i n  the boiler unit type.
OM E G A
(4-byte integer) Actual Sys t e m  Speed in per 
unit. See common CUVAL1.
PM
(4-byt e real) M e c h a n i c a l  Power Output in MW.
See c o m m o n  CUVAL3.
SP
(4byte real) G o v e r n o r  Set Point.
See c o m m o n  CUVAL3.
U C E ,UCE1
(4-byte real) G e n e r a t o r  Unit C o n t r o l  Error.
See comm o n  CUVAL3.
O u t p u t  Argu m e n t s :
PM
As abo ve
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
— n o n e —
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
The a rray AT0M1 is the data storage area name in local 
co m m o n
A T T O M  used to store the para m e t e r  for the n u c lear units. 
The a r r a y  ATT0M1 is d i m e n s i o n e d  to store up to 10 
d i f f e r e n t
N u c l e a r  units at 11 p a r a m e t e r s  per unit.
The i n t e r n a l  array ATOM is the w o r k i n g  area, its e l e m e n t s  
r e p r e s e n t  the d y n amic v a r i a b l e s  for each n u c l e a r  unit, 
d i m e n s i o n e d  for N GENU (actual total number of g e n e r a t o r  
units) at 31 v a r i a b l e s  per unit. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
L a n g u a g e :  F O R T R A N  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
BEGIN: N U C L E R
[ This s u b r o u t i n e  simul a t e s  the BWR tu rbine dynamics. 
[ This s u b r o u t i n e  uses the L I M I T , I N T G R L  and D ELAY 
fu n c t i o n s .  ]
IF T IME I n t e g r a t i o n  Time step 
THEN
p e r f o r m  the i n i t i a l i z a t i o n  r o u t i n e  to i n i t i a l i z e  
the p a r a m e t e r s  array ATOM.
E N D I F
DO pass t h r o u g h  the s i m u l a t i o n  for:
- B o i l i n g  W a t e r  R e a ctor dynamics,
- t u r b i n e  d y n a m i c s  
E N D D O
END: N U C L E R
A P P E N D I X  - II
C o m p u t e r  S y s t e m
The c o m p u t e r  system of the C o l b u n / M a c h i c u r a  system, 
for example, c o n s i s t s  of two M O D C O M P  C L A S S I C  11/55 
c o m p u t e r s .  Each c o m p u t e r  has the f o l l o w i n g  features:
- One m e g a b y t e  of resid e n t  memory
- D i r e c t  M e m o r y  P r o c e s s o r
- E x t e n d e d  A r i t h m e t i c  Unit
- E x t e r n a l  I n t e r r u p t  Group
Each c o m p u t e r  has two i n p u t / o u t p u t  (I/O) busses w h i c h  
i n t e r f a c e  as follows:
- I/O Bus 0: M O D C O M P  Int e r f a c e  C o n t r o l l e r  (MIC) mod el 
4801 for access to the VCIs, G e n e r a l  P u r p o s e  Data 
T e r m i n a l  Model  4805 for direct c o m m u n i c a t i o n  with 
the other CPU, console c o n t r o l l e r  M o d e l 3 7 6 7  to i n t e r ­
face with the TI825 KSR and the s witche d p e r i p h e r a l  
e n c l o s u r e / p e r i p h e r a l  selector  c o n t r o l l e r  model 
4 9 1 2 / 4 9 1 3
- I/O Bus 1: P e r i p h e r a l  c o n t r o l l e r  interface, model 
4911, for acc ess to one disk c ont roller, M o del 4 1 7 6 - A
C o m p u t e r  P e r i p h e r a l s :  The p e r i p h e r a l s  for the c o m p u t e r  
s y s t e m  i n c l u d e  the following:
- Two c o n s o l e  devi ces (KSRs) for op er a t o r  i n p u t / o u t p u t  
TI mod el 825
- T h r e e  m o v i n g  head disks (MHDs), 67 m e g a b y t e s  of

- One P r i n t r o n i x  300 line per minu t e  Line Printer.
V a n g u a r d  C o m p u t e r  I n t e r f a c e  Unit: The s y s t e m  e m p lo ys 
two of the above units to provide an i n t e r f a c e  w ith the 
o p e r a t o r  consoles, di splay gen erators, loggers, remote 
t e r m i n a l  units, and local i n p u t / o u t p u t  c o n t r o l l e r s .  The 
VCI p r o v i d e s  a high speed m u l t i p l e x i n g  i n t e r f a c e  for the 
r e d u n d a n t  host compute rs. It c o ntains p r o g r a m m a b l e  channel 
p r o c e s s o r s  (PCP) w h ich pr ovide buff e r i n g  and format c o n ­
v e r s i o n  c a p a b i l i t i e s .
R e m o t e  T e r m i n a l  Units (RTUs): This system suppo r t s  
TRW a l e r t  r e m otes using the TRW V A N - C O M M  m e s s a g e  protocal. 
The P r o g r a m m a b l e  C h a n n e l  P r o c e s s o r s  (PCP) in the VCIs 
t r a n s l a t e  the T R W  V A N - C O M M  m e s s a g e  protocal to the s t a n d a r d  
p r o t o c a l  used b e t w e e n  the host c o m p u t e r s  and the VCIs.
TO: Dr. Don Ru ssell 
FROM: John B a l a c h a n d r a  
S UBJECT: D o c t o r a l  I n t e r n s h i p  Report 
PERIOD: August  6 to S e p t e m b e r  6, 1983
For two weeks I a t t e n d e d  in -ho u s e  t r a i n i n g  
s e s s i o n s  w h i c h  f a m i l i a r i z e d  the new e n t r a n t s  
w i t h  the mode of o p e r a t i o n  of the c o m p u t e r  
system. We went in to deta i l e d  d e s c r i p t i o n s  
of the S O URCE EDITOR, the C A P I T A L  D E V E L O P M E N T  
S Y S T E M  and the various fu nct i o n s  p e r f o r m e d  by 
the m o d u l a r  procedures .
After c o m p l e t i n g  the t raini ng sess i o n s  I 
r e c o m m e n c e d  w o r k i n g  on the C I R C U I T  B R E A K E R  
V A L I D A T I O N  I N I T I A L I Z A T I O N  (CBVINI) and C U R C U I T  
B R E A K E R  V A L I D A T I O N  E X E C U T I V E  (CBVXEC) p r o g r a m  
m o d i f i c a t i o n s .  The m o d i f i e d  prog r a m s  were 
edited, compi l e d  and run s u c c e s s f u l l y  on the 
batch p r o c e s s i n g  s ection of the CPU side and 
then on the REAL T IME section of CPU B.
The m o d i f i c a t i o n s  in logic from the o r i g i n a l  
C B V I N I  and C B VXEC were e x t r a c t e d  by a n o t h e r  
p r o g r a m  called ALTERED, w h ich is desi g n e d  
s p e c i f i c a l l y  to ext r a c t  the m o d i f i c a t i o n s  
done on a p a r t i c u l a r  source deck from the
A P P L I C A T I O N S  B A S E L I N E  and the r e s u l t i n g  
chang e d e c k s ,  C B V C H D K  and C B V C H G  were d o c u m e n t e d  
on the XDK file. The XDK file is set aside 
for c o l l e c t i o n  of all c h a n g e d e c k s  done on 
e x i s t i n g  A P P L I C A T I O N S  B A S E L I N E  modules.
M o d i f i e d  data format for the D i s p l a y  
H e a d e r  numb er 1476 and 1482 to make them 
c o m p a t i b l e  with the seque n c e  of the data.
T his was c o r r e c t i v e  a c tio n taken on a S O F T W A R W  
P R O B L E M  REPORT. T h ese were v e r i f i e d  onthe REAL 
T I M E  side of the CPU to be format c o m p a t i b l e .
TO: Dr. B. Don Ru ssell 
FROM: John B a l a c h a n d r a  
SUBJECT: M o n t h l y  D o c t o r a l  I n t e r n s h i p  Report 
PERIOD: S e p t e m b e r  7 to O c t o b e r  7, 1983
Was a s s i g n e d  task to modi fy a s u b s e c t i o n  of 
the logic in the A P P L I C A T I O N S  D I S P L A Y  PRINT 
(APDPRT), w h i ch reads a display m a s t e r p r i n t  
card to d e t e r m i n e  the funct i o n  to be performed;
' P r i n t t  directory, print s peci f i e d  displays, 
or crea t e  a s e quen ced card image. The c o n t e n t s  
d i r e c t o r y  is then read in by reading the display 
header. If a s p ec ified dis play is to ve printed, 
the A P P L I C A T I O N S  D I S P L A Y  T ABL E (ADT) is read 
and the conte n t s  printed. The req u i r e d  
m o d i f i c a t i o n s  were basi c a l l y  to change the 
inline  code in a s ection of the A P D P R T  p r o g r a m  
into F O R T R A N  using an a v a i l a b l e  s u b r o u t i n e  
call e d  MOVEB.
The present logic stored N c h a r a c t e r s  into 
IMAGE; stored decimal s points if it were 
f l o a t i n g  data, and stored quotes if it were 
t abular displays. Using F O R T R A N  code and the 
s u b r o u t i n e  MOVEB, which' moves a speci f i e d  
number of c o n t i g u o u s  from the input array to
the output array, the logic was m o d i f i e d  and 
tested s u c c e s s f u l l y  on the B AT CH P R O C E S S I N G  
and REAL TIME sides; CPU A and CPU B.
Was a s s i g n e d  task to modif y LOAD F L O W  STUFF 
(LFSTUF), w hic h stuffs the result s of the 
load flow into the REAL TIME DATA BASE in 
order that if an error is pre sent it duly 
noted and the type of error and its RTU 
l o c a t i o n  is identified.
The s o ftware m o d ule s w hich were m o d i f i e d  
were the s u b r o u t i n e s  LFADST, which stuffs 
the resu l t s  of the load flow A/D r e s ults into 
the RTDB for all A/D points, and L F S T S T  w h ich 
stuffs the status of the Brea k e r  and the 
S w i t c h  for all points in the n e t w o r k  model 
into the RTDB. The m o d i f i e d  modu l e s  p erfo r m e d  
s u c c e s s f u l l y  on the load flow run but when 
an a b n o r m a l i t y  was i n t r o d u c e d  and it was 
tested on the Real Time CPU B the results 
were not r ecord ed on the printer.
TO: Dr. B Don Russell
FROM: John Balachandra
SUBJECT: Doctoral Internship Report
PERIOD: 2 month period ends first week of December 
1983.
I was assigned to a new project team 
lead by Dr. Robert Kimler, working on a 
DISPATCHER TRAINING SIMULATOR (DTS). At 
present I am working with Mr. Carlos 
Santestaban on the generator modelling aspects 
of the project. Mr. Santesteban is in charge 
of the dynamic analysis of the Fossil 
Fuelled prime mover and I have been assigned 
the tasks of analysing the dynamics of the 
Hydro and BWR Nuclear units. The system design 
documents have been appended to present an 
overview of the project. I have thus far 
successfully coded and executed the hydro 
unit dynamic analysis program, its module 
design documents, program design documents', 
the system design documents and the-data 
structures. In the BWR Nuclear section thus 
far the module design documents, program 
design documents, data structures, and system 
design documents have been completed and I
am in the process of coding the Nuclear program.
TO: Dr. Don Russell 
FROM: John Balachandra 
SUBJECT: Doctoral Internship Report 
PERIOD: Jan 1984 to Feb 1984
- Completed all coding procedures, including 
testing on the CDS system of the software 
modules modelling the dynamics of the BWR 
Nuclear and Hydro prime movers.
- Completed all documentation procedures 
pertaining to Program Design Documents System 
Design Document and Data Structures as per 
specif i c a t i o n s .
At present I am working on the Marubeni/ 
Endesa project team engaged in providing an 
Energy Management System to a Utility company 
in Chile. Dr. Will Briggs is my supervisor 
and has assigned me task of designing the 
software responsible for reading and validating 
the customer card data images. Thirty 
(Approximately) subroutines are to be drafted, 
and tested on the CDS. Once they have been 
throughly tested will be integrated into the 
project applications software.
